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Abstract
Yield and quality of fruits are multifaceted traits involving various plant and 
fruit processes that, for a given genetic makeup, depend on environmental factors 
and agronomic practices. Crop yield has to meet the demand of a growing popula-
tion, but crop quality is a challenging issue affected by consumer’s behavior and 
increasingly associated with food security. The projected climate scenario for South 
Mediterranean Europe predicts lower precipitation and higher temperatures that 
will negatively affect agricultural activity. A warmer and drier climate is expected 
to cause changes in crop yield and its quality. Higher temperatures affect photosyn-
thesis, causing alterations in sugars, organic acids, flavonoid contents, firmness, 
and antioxidant activity. Reduced soil water availability will impact on the capacity 
of plants to accumulate biomass and when conjugated with warmer weather, it can 
trigger disorders like fruit sunburn further depressing crop yields. New cultivation 
techniques are necessary to produce sufficient food supplies to meet the basic nutri-
ent requirements of the growing human population and support the agriculture 
economy. We focus on the production of olives and wine grapes, two of the most 
cultivated fruit crops of Southern Europe, which is certainly strongly affected by 
changing weather conditions. We review the recent developments on agronomic 
practices to counter or minimize the projected environmental changes, and we will 
report on our own experiences.
Keywords: abiotic stress, temperature, drought, climate change, grapevine,  
berry quality, olive tree, olives quality, olive oil quality
1. Introduction
Fruit production is a major agricultural activity all over the world. In 2016 the 
global production was above 33 × 106 metric tons and occupied about 5.6 × 106 hect-
ares [1]. According to a survey in 2013, 1.55 million holdings in the European Union 
(UE) managed fruit orchards, and in 2015 3.2 million hectares were dedicated to 
fruit growing that represented more than 28 × 106 euros in 2018 [2]. In 2017, the 
world area under vines rose to 7534 kha, and grape production reached 73 million 
tons most of it for wine production estimated at 279 million hectoliters in 2018 [3]. 
Europe is a leading producer of wine grapes with 3.2 million hectares under vines 
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worth of almost 22 billion euros of wine exports [2]. In 2018, the global production 
of table olives was estimated in 1.8 × 106 tons (EU 0.9 × 106) and 3.1 × 106 tons of 
olive oil (EU 2.2 × 106), representing a trade value of 2.8 × 106 euros for olive oil 
(EU 2.1 million euros) [2]. These figures render the importance of fruit produc-
tion on a global scale that is likely to increase in the near future in tandem with 
larger demand for food, fiber, and fuel as a result of growing population, change in 
dietary preferences, and bioenergy policies [4]. The food demand driven by a larger 
and more affluent population challenges the agricultural systems to increase the 
output with reduced external inputs and minimal environmental impacts [5, 6] all 
under more difficult environmental conditions given the forecasts of an increased 
temperatures and more irregular rainfalls that negatively affect agriculture [7], 
and the Southern Europe will be strongly affected where yield losses and impaired 
product quality are expected [8, 9].
2. Abiotic stresses: temperature and water availability
Average temperature is expected to rise somewhere between 1.5 and 4°C from 
pre-industrial time until the end of the century [7]. Temperature increase affects 
photosynthesis, causing changes in concentration of sugars and organic acids, 
flavonoid contents, fruit firmness, and antioxidant activity [10].
Some unripe fruits with green skin can photosynthesize, but the fruits are pri-
marily a sink of photosynthetic products with origin in the leaves. The temperature 
of the leaves follows approximately the air temperature, and net photosynthesis 
increases with temperature up to a certain limit that is species dependent, but in 
general at values greater than 35°C, there is a reduction of photosynthetic activ-
ity [11]. Temperature has strong influence on leaf water potential (ψl), stomatal 
conductance (gs), and intercellular CO2 concentration [12]. Rising temperatures 
increase the water loss from the leaves, and their water potential becomes more 
negative to a point the stomata start closing reducing stomatal conductance and the 
flow of intercellular CO2 that further impairs photosynthesis [13]. High tempera-
ture also diminishes starch and sucrose synthesis, by reduced activity of sucrose 
phosphate synthase, ADP-glucose pyrophosphorylase, and invertase [14]. Heat 
stress can reduce the total leaf area of the plants and trigger earlier leaf senes-
cence that have a negative impact on the total photosynthesis performance [12]. 
Prolonged periods of low photosynthetic activity deplete reserves of carbohydrates, 
and plants might starve [15].
Soluble sugars (sucrose, glucose, and fructose) and organic acids (tartaric, 
malic, and citric acids) are major osmotic compounds that accumulate in fleshy 
fruits [15]. The biosynthesis of these compounds is related to photosynthesis that 
uses light (solar radiation) as source of energy, and it has been shown that the 
photosynthetic rate is positively correlated with light intensity till a saturation 
point is reached depending on the plant species and on temperature [12]. Increased 
light intensity also raises the temperature, and, above a critical level, protein and 
enzymes are broken, photosynthetic tissue is killed, cells might die, and fruits are 
sunburnt, all resulting in yield loss and low-quality produce [16].
At molecular level, temperature influences the protein structure, and the activity 
of cellular proteins becomes less stable under high and low temperatures indirectly 
affecting the activity of transmembrane transporters necessary to import assimi-
lates and nutrients and to accumulate sugars and polyphenols in the fruit for the 
completion of the maturation process [17].
Fruits and vegetables contain different antioxidant compounds such as vitamin 
C, vitamin E, carotenoids, and polyphenol compounds. Among the polyphenols, 
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flavonoids (flavanols, flavonols, and anthocyanins) are largely present in plants, 
and their content is partially responsible for antioxidant activity. Temperature is the 
most significant factor affecting antioxidant activity in vegetables and fruits, and, 
as temperature raises, the enzyme reactions are accelerated, antioxidant activity is 
augmented, and existing antioxidants decline [18].
Stressful conditions related to high temperatures are coupled with water avail-
ability that can mitigate or aggravate the effects of temperature. The increase in 
water demand when temperature rises is driven by plant transpiration necessary 
just to keep their canopies cool by water evaporation. Thus, water demand will 
increase at the same time as rainfall is scarcer and irregular in its frequency; there-
fore, an efficient use of water is particularly important for agriculture, which is the 
major sector for the use of freshwater resources and whose economic viability is 
dependent on water availability. Water uptake from the soil brings mineral nutri-
ents that are circulated together with organic nutrients through the vascular tissues 
of the plant as water circulates throughout the plant. Water retention determines 
cell turgor, drives plant cell expansion, and permits many plant functions such as 
stomatal movements and transpiration [19]. Water is the abiotic factor that exerts 
a major effect on growth and productivity of agricultural crops, and increasingly 
frequent periods of drought, particularly in the Mediterranean region, is expected 
to be the most adverse among the abiotic factors [20].
Moderate drought reduces yields but can have a beneficial effect in fruit qual-
ity via two major mechanisms: (a) reduction in leaf stomatal conductance that 
results in a decrease in net photosynthesis and (b) exacerbation of oxidative stress/
oxidative signaling. Net photosynthesis is responsible for primary metabolites that 
are the major source of precursors for the biosynthesis of phenolic compounds, 
carotenoids, and ascorbate. Oxidative stress may trigger the biosynthetic pathways 
of these compounds [21, 22]. The balance between productivity and quality benefits 
from a certain level of water deficit, but it depends upon the intensity, duration, 
and repetition of events of water deficit [23]. Water deficits during the vegetative 
growth stages difficult canopy development, flowering and fruit setting, and the 
accumulation of carbon compounds. On other hand, deficits occurring during 
the maturation of fruits show positive impacts on soluble sugar accumulation 
and enhancement of fruit aroma. The level of stress that benefits the entire cycle 
of the plant is likely to be depend, simultaneously, on species and environmental 
conditions, but when a certain threshold of water stress is surpassed, the beneficial 
effects are no longer observed [23, 24].
3. Wine grape quality
The fruit quality is a composition of physicochemical properties and the percep-
tion of the consumer allowing for a definition of quality that discriminates between 
natural characteristics of the fruit and those dictated by socioeconomic and mar-
keting factors [25, 26]. The quality of grapes (Vitis vinifera L.) for winemaking is 
evaluated on characteristics imparted to the final product, and as such their quality 
is referred to the berry composition, in particular, to the content of sugars, organic 
acids, amino acids, phenolics, and aroma precursors that are function of genotypic, 
environmental, and agronomic factors [25, 27].
After fruit setting, the berry pericarp and the seeds augment in volume rapidly; 
organic acids, mostly malic, tartaric, and citric, accumulate in the mesocarp cell 
vacuoles. At the end of this period, growth slows down, and the seed maturation is 
completed. The maturation phase initiates at veraison, when berries of red variet-
ies accumulate anthocyanins (red pigments) in the exocarp, glucose and fructose 
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accumulate, malate is metabolized as a source of carbon for respiration, and volatile 
organic compounds are biosynthesized [28].
Abiotic stress, temperature, radiation, and water changes the pattern of growth 
and development of vines, and they trigger the accumulation in berry pulps, seeds, 
and skins of secondary metabolites (polyphenols and volatiles) as defense against 
cell damage [29]. The secondary metabolites present in the must contribute to wine 
characteristics as taste, aroma, antioxidant capacity, and stabilization during the 
aging process. Thus, the vineyards are managed to influence the profile and concen-
tration of secondary metabolite to obtain the desirable wine typicity.
The Mediterranean-type climate has long warm periods well suited to growth 
and development of grape vines, but that period is also low in rainfall that can 
create serious lack of water availability. The wine regions of Northeastern Portugal 
are distinctively Mediterranean and have already shown the alterations in tempera-
tures and rainfalls expected under the forecasted climatic change. Annual rainfall 
has been declining since the 1950s, winter temperatures are milder, and average 
temperatures for the grape growing season are reaching the upper limit for produc-
ing high-end wines [30, 31]. To maintain the grape quality desirable to meet the 
demand of a world market will be a challenging task involving the best suitable 
varieties and agronomic practices supported on knowledge gained by experience 
and research.
A clearly noticeable phenomenon resulting from higher temperatures is the 
advance of the phenological stages of the grapevines, with a short growing season 
leaving the maturation to develop under hotter and drier conditions [32, 33]. 
Berries maturing under high temperature have reduced content of anthocyanins 
[34] that are hydrophilic secondary metabolites that confer orange, red, or blue 
coloration to grapes and help protecting the plant tissues against abiotic stressors 
such as high radiation. A lower content of anthocyanins has a negative impact on 
the color of red wines, an important organoleptic characteristic. Sugar accumula-
tion in the berries increases as the temperature rises, but there is a sharp fall in 
acidity and malate content creating an imbalance alcohol/acidity that is deleterious 
to high-quality wines [35, 36]. These phenomena are dependent on variety tolerance 
to high temperatures [35]; thus, the viticulturists must choose carefully before they 
start new plantations, reaching for a compromise between adaptability and qual-
ity. Usually, native varieties thrive better on a given environment than exotic ones 
even when conditions suffer large alterations that is the case of Touriga Nacional in 
Portugal, a valuable premium variety to produce high-quality wines, well adapted 
to regions with intense solar radiation and warm climates [37, 38], and the adapt-
ability to different climatic conditions is a variety trait important to mitigate the 
effects of stressful factors on the berry quality [39, 40].
High temperatures increase evapotranspiration that coupled with declining 
rainfalls further deplete soil water availability, and this is actually the most press-
ing challenge to wine grape production in areas where aridity is advancing [41]. 
Nevertheless, berry quality benefits from moderate levels of water stress because 
skin-to-pulp ratio increases as the berries become smaller [24, 42], elevating the 
concentration of total soluble solids (mostly sugars) and secondary metabolites, 
such as phenolic compounds (especially anthocyanins) and aromatic compound 
(in particular norisoprenoids) whose biosynthesis is enhanced as response of the 
vine to water stress [43–45]. Higher content on sugar and secondary metabolites 
in berries will produce wines higher in alcohol, deeper in colors, and richer in aro-
mas but also lower in titrable acidity as organic acids, mainly malic and tartaric, 
are depleted [24, 44].
Temperature and water stresses have different outcomes on yield and berry 
quality depending on their intensity and timing related to the development phase 
5Vineyard and Olive Orchard Management to Maintain Yield and Quality Under Abiotic Stress…
DOI: http://dx.doi.org/10.5772/intechopen.85954
of the vine. The vineyard manager can use this knowledge to manipulate agronomic 
practices and obtain the desirable yield and berry quality with the most efficient 
use of resources, in particular, water. New vineyards must be planted with known 
varieties to be well to actual conditions but also with plasticity to withstand more 
stressful conditions; the vine rows trellised at vertical shoot position are to be 
oriented north to south where the terrain permits and the location carefully chosen 
to avoid the most severe effects expected to be brought about by coming changes. In 
vineyards already under commercial exploration and that are expected to have a life 
span of a few decades there are technical practices that can reduce the worst effects 
of excessive temperature and radiation, and of low amount of available soil water.
The most common result of high-intensity radiation, usually coupled with 
elevated temperatures, is the shriveling and sunburn of berries, reducing both 
yields and quality of the musts. The incidence of these phenomena is felt more 
acutely in vineyards where the rows are oriented west to east and one of the faces 
(south face in northern hemisphere) is directly illuminated all day long. One 
solution is to shade the lower third of the canopy with a vertically placed net close 
to the canopy during the period when intense radiation and its effects are expected 
to cause damages. Shaded vineyards maintain much higher yields than non-shaded 
ones but at the cost of lower concentration of anthocyanins, and their musts render 
wines with lighter color that can be considered detrimental to its quality [46].
Other techniques that can maintain higher photosynthetic activity and simulta-
neously reduce the incidence of berry sunburn are canopy coating with kaolin and 
intermittent nebulization with water at high pressure. They reduce plant tem-
perature and allow for higher stomatal conductance and, consequently, increased 
photosynthetic rate that contributes to larger berry sugar content [33, 47]. Treated 
plants keep better yields, produce berries with higher concentration of sugars, and 
show no significant difference on other must characteristics [33].
Irrigation is already common in many wine-producing regions in Southern Europe, 
the Western United States, and Australia, among others, and with expected reduction 
in rainfall, it will be indispensable to maintain the economic activity. The challenge is 
to keep a balance between productivity, quality, and efficiency in the use of resources, 
especially water. Moderate water deficits at optimized timing can improve berry qual-
ity and support economical yields [40, 48]. Better water use efficiency was reached 
with no irrigation at all, but the productivity is so low that economically is not viable 
[49]; irrigation increases the yield but dilutes sugars and compounds responsible for 
color and aroma rendering a wine of lower quality. An acceptable compromise is to 
deficit irrigate from flowering to veraison, a phase very sensitive to severe water short-
age, and no irrigation after veraison assuming that the soil still stores enough water 
to dispense up to the completion of the vine cycle. The effects of irrigation on berry 
composition are subjected to controversy with contradictory results among authors, 
but the source of these inconsistencies is probably related to the climatic conditions 
prevalent during the studies that each author carried out [50].
Under increasing competition for scarcer water resources, the imposition 
of moderate water stress on certain developmental periods of wine grapes is an 
adequate irrigation strategy to save water and maintain both yields and must quality 
with positive reflexes on the farm economy. Such strategy, termed by some authors 
as regulated deficit irrigation (RDI), has received great attention by researchers and 
producers [51]. Drip irrigation, from aboveground supply lines, is the most efficient 
form for vineyards, particularly for RDI, as it minimizes runoff and evaporation 
while delivering water uniformly and directly to the root zone; significant amounts 
of water are saved, and water contact with the plants is avoided, reducing the risks 
for disease development [52]. RDI with deliver lines buried underground is an 
expensive alternative with little benefits to offset its high costs [53].
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Recent technical advances permit a more affordable and widespread use of 
phenomics defined by Houle et al. [54] as “a sub-discipline of biology concerned 
with the rapid measurement of an organism’s phenotype or physical and biochemi-
cal make-up.” Phenomics can help growers and managers to survey their crops to 
quantify spatial variability in fruit quality, yield, soil characteristics, and incidence 
of diseases, among other parameters, with many benefits for the more efficient 
use of resources and forecasts of yields [55, 56]. One example of such survey is 
presented by Rossi et al. [57] with the integration of soil spatial information of soil 
electrical resistivity, obtained automatically with a soil sensor on the go, with varia-
tion of vegetative growth and yield permitted to identify areas of a vineyard with 
similar traits. These areas would be subjected to differentiated agronomic practices 
to maximize potential benefits in yield and quality and, simultaneously, increase 
the efficiency of used resources.
4. Olives and olive oil quality
Climatic conditions and different agronomic practices may influence the 
physiological behavior of the olive tree [58] and consequently the fruit ripening 
process modifying both the amount and oil quality in Olea europaea L., although the 
response is cultivar dependent [59–61].
Olive oil quality may be defined from commercial, nutritional, or organoleptic 
perspectives. The overall quality of olive oil, from production to consumption, is 
strongly related to oxidative stability and its impact on the evolution of flavor, taste, 
color, and the content of endogenous antioxidants and other minor constituents 
that are beneficial to health. The International Olive Oil Council [62] and the EEC 
[63] have defined the quality of olive oil based on parameters that include free 
fatty acid (FFA) content, peroxide value (PV), ultraviolet (UV)-specific extinction 
coefficients (K232 and K270), and sensory score. In particular, commercial quality is 
based on FFA as an important factor for classifying olive oil into commercial grades 
and sensory characteristics (taste and aroma). The nutritional value of olive oil 
arises from high levels of oleic acid and minor and health-related and antioxidative 
components such as phenolic compounds, tocopherols, chlorophyll, and carot-
enoids [64], whereas the aroma is strongly influenced by volatile compounds [65].
Fatty acid composition is one of the primary chemical parameters used to distin-
guish virgin olive oil from other vegetable oils [66]. Fatty acid profile may be greatly 
affected by environmental factors. Variability in acid composition has been corre-
lated to the temperature sum of the period from fruit setting to fruit maturation by 
regulating fatty acid desaturases [67]. In fact, it has been reported that the contents 
of oleic acid decreased during ripening, while that of linoleic acid increased due to 
the transformation of oleic acid into linoleic acid by the oleate desaturase activity, 
which is active during triacylglycerol biosynthesis [68].
Despite the response being cultivar dependent, it has been shown that high 
temperatures during the maturation of olive fruits, early in the triacylglycerol biosyn-
thesis, reduced oleic acid which is accompanied by increased palmitic and/or linoleic 
acids [69, 70]. In cv. Arauco, García-Inza et al. [71] observed that oleic acid concen-
tration decreased linearly 0.7% per °C, while palmitic, linoleic, and linolenic acid 
percentages increased with increasing temperature. In cv. Arbequina, Rondanini et al. 
[72] reported a higher reduction of oleic acid with high temperatures (2% per °C).
Solar radiation and water availability are crucial not only for tree productivity, 
[60] but also they clearly affect olive oil quality. In cv. Frantoio, palmitoleic and 
linoleic acids increased in oils obtained from fruits exposed to high solar radiation 
intensity, whereas oleic acid and the oleic-linoleic acid ratio decreased [61].
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To overcome the negative effects of combined heat and high radiation stresses, 
application of kaolin in olive trees growing in rainfed conditions has been used. The 
kaolin coat film could reduce solar radiation damage; reduce heat stress by reflect-
ing UV light, decreasing leaf temperature, and reducing transpiration rate; increase 
photosynthetic efficiency in plants grown under high level of photosynthetic 
active radiation; and reduce heat caused by radiation [73, 74]. Khaleghi et al. [75] 
evaluated the effect of kaolin application in rainfed olive orchard, and they found 
that the highest palmitic acid was observed in olive oil obtained from untreated 
trees and that kaolin increased oleic acid but decreased linoleic and linolenic acid 
contents. Also, the percentage of monounsaturated fatty acids (MUFA) and oleic 
acid/linoleic acid ratio were higher in the oil obtained from trees treated with kaolin 
than that obtained from untreated trees. Moreover, saturated and polyunsaturated 
fatty acids (PUFA) were higher in untreated trees. Therefore, it can be expected 
that extracted olive oil from kaolin-treated trees has a higher oxidative stability and 
shelf life than the oil from untreated trees.
The ratio of unsaturated/saturated fatty acids influences the viscosity of oils, 
increasing with the amount of saturated fatty acids. This has an effect on the 
sensation of “fatty” on the oral cavity as a viscose oil has more time in contact 
with the mucous membranes of the oral cavity, giving rise to the “fatty” defect 
[76]. Moreover, the degree of unsaturation of fatty acids affects the oxidative 
stability. A high degree of unsaturation of a fatty acid increases the susceptibil-
ity to oxidation and shortens the olive oil shelf life [77]. Dag et al. [78] reported 
that in cv. Koroneiki, the monounsaturated/polyunsaturated fatty acid ratio and 
free fatty acid content generally decreased with the increased tree water deficit. 
Besides, olive oil oxidative stability might depend on some synergistic effects 
among fatty acid composition, phenolic compounds, tocopherols, carotenoids, 
and chlorophylls [79].
A water deficit during the initial development of the fruit can result in a 
decrease in the size of the cells of the mesocarp that cannot be recovered. Water 
deficit affects fruit maturation, which occurs earlier and more rapidly, and can 
result in more intense preharvest fruit fall [80]. However, a number of studies have 
shown that the water status of the plant has marginal, if any, effects on free acidity 
and peroxide value of the olive oil produced [81, 82].
Minor constituents of olive oil, such as phenolic and volatile compounds, are also 
influenced by the degree of maturation of the olive fruit. So, environmental factors 
or agronomics practices that affect the evolution of maturation of the drupe can 
also affect the qualitative characteristics of the resulting olive oil [83]. For example, 
a very high temperature sum also tends to reduce the total polyphenol content [84]. 
A positive correlation between the temperature sum from August to October and 
the total polyphenol content of olive oil was reported by Tura et al. [85].
It has been recognized that polyphenols and tocopherols are substances with 
natural antioxidant properties and their presence in olive oils has been associ-
ated to their general quality, improving stability, nutritional value, and sensorial 
properties. In cv. Cobrançosa, Fernandes-Silva et al. [82] reported a good linear 
relationship between total polyphenols and water stress integral. Therefore, olive 
trees that had been exposed to a certain level of water deficit produced oils with 
higher concentrations of polyphenols which were seemingly richer in the olive 
fruit [86, 87].
Virgin olive oil (VOO) obtained from rainfed olive orchards shows the highest 
resistance to oxidation in relation to irrigated olive orchards as a result of higher 
values of oxidative stability. The decrease in oxidative stability with water applied 
by irrigation is usually explained by the decrease in natural antioxidants like poly-
phenols and tocopherols [82, 86]. Given this assumption, several researchers have 
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tried to find which of the mentioned substances is more correlated with oxidative 
stability. A number of studies have demonstrated that polyphenol contents are, 
among the minor compounds, the group more correlated with this parameter [88]. 
The antioxidant behavior of tocopherols represents a complicated phenomenon as 
they are efficient antioxidants at low concentrations, but they steadily lose effi-
ciency as their oil content in the vegetables increases [76].
Olive tree water status has marked effects on concentrations of volatile com-
pounds in the oil. Thus, olive oil from plants grown under water deficit-conditions 
can be bitter and pungent to the taste in opposite to those obtained in well-watering 
conditions [81, 89]. Williams and Harwood [90] have clearly shown that drought 
regimes, in Crete, reduced the relative activity of enzymes of lipoxygenase pathway 
and consequently the volatile compounds.
Regulated deficit irrigation (RDI) in olive orchard is an agronomic practice 
in which plants were irrigated avoiding water deficit during phases I and III of 
olive fruit growth and saving water during phase II, the noncritical phenological 
period of pit hardening [91]. This strategy of irrigation can affect some table olives’ 
characteristics, for example, phenolic composition, antioxidant activity, fatty acid 
composition, volatile compounds, and phytoprostanes [92]. Table olives from RDI 
belong to a group of vegetable products named hydroSOStainable which are charac-
terized by having distinctive proprieties such as high content of some nutritional 
and functional compounds, high intensity of sensorial attributes, and are produced 
with reduced use of water, which is a benefit for both farmers and for the environ-
ment [93]. Sánchez-Rodríguez et al. [93] reported that hydroSOStainable table olives 
(cv. “Manzanilla”) showed the most attractive shape and color with highest fruit 
weight, roundest fruit, hardest texture, and a lightest and greenest color than con-
trol olives, whereas minerals, antioxidants, phenols, and organic acids and sugars of 
hydroSOStainable olives were similar to well-irrigated olives. Hence, hydroSOStain-
able table olives have advantages over those obtained in well-watered conditions 
reducing the use of freshwater, while they have better morphological traits that are 
more attractive for consumers.
5. Conclusions
Lower latitudes of temperate regions are expected to experience climate changes 
in coming decades that will bring about conditions less favorable to agriculture 
activities. Yields are likely to decrease, and the quality of produce might suffer a 
negative alteration. Commercial wine vines and olive trees are very sensitive to their 
environment, and to keep their economic value, it is necessary to adopt agronomic 
practices to minimize the adverse effects of climate change. The less favorable loca-
tion for their growth and development might be abandoned, the choice of varieties 
to plant will be selected among the best adapted to future conditions, and manage-
ment techniques of highly efficient irrigation, shading, spraying with reflecting 
materials, and tight control of canopy development, among others, will have to be 
commonly adopted.
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